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A Combined DC Voltage Standard and 
Differential Voltmeter for Precise Calibration Work 

An advanced Instrument that generates precise, high-resolution 
dc voltages for calibration work is also a precision differential 
dc voltmeter with a constant and very high input impedance. 



r\s measuring accuracy improves, so grows the 
need for higher accuracy in calibration procedures. 
The ever-expanding usage of high resolution digi- 
tal voltmeters, for instance, has accentuated the 
need for calibration instruments that have abso- 
lute accuracies of better than 0.01 r ; . along with 
commensurate stability, linearity, and repeata- 
bility. Performance at this level, formerly found 
only in laboratory grade instruments, now is 



wanted in instruments that also have the sturdi- 
ness and ease of operation required for everyday 
workbench service. 

Most dc calibrations are performed with three 
basic instruments: ( 1 > a stable dc voltage source, 
which can be referenced to a standard cell or 
some known voltage source for absolute accuracy; 
( 2) a high resolution voltage divider, for reducing 
the stable source voltage with a linearity sutfi- 



SBB ALSO: 

Frequency 

comparisons 

with 

standard 

broadcasts 

based an 

'Atomic 1 time. 

p. 8 




Fig. L DC Standard/ Differential Voltmeter serines either as a precision SOtin e 
of dt -• or as a differential voltmeter for making measurements with 

6- pit i turn. Four moat significant digits of reading are displayed on 

illuminated numerals ami two least significant digits are on meter. Excep- 
tionally high input impedance ( >/0* ohms on most in voltmeter mode 
is maintained regardless of null condition, enabling precision measures 
an standard cells, voltage dividers, and other devices sensitive to loading, Bath 
input and output are fully floating and guarded. 
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Fig. 2. DC Standard/ Differential Voltmeter has illuminated numerals to show 
settings of corresponding decade divider Voltage Set controls. Rang** switch 
sets decimal point in (Its play and ilium matt* s corresponding units of measure- 
ment (colts or millivolts}. Push button Sensitivity knobs concentric with 
Voltage Set controls connect meter to corresponding decade of resist ice divider 
and adjust sensitivity of meter accordingly. Operator is able to make differen- 
tial voltage measurement quickly by depressing Sensitivity push-button fot 
most significant digit first, bringing meter near null with that Voltage Set 
t antral, then proceeding with other digits tn turn, 

* tenth greater than the required de- ranges) an impedance that ^ con- 

gree ol accuracy; and ($) ■ sensitive slum regardless oi wheihu 01 rmr 

null detectoi for indicating the volt* the instrument is set foj a null — 

age differentia] between the known enhances the accuracy of voltage 

divide) output arid an unknown measurements made by the new in- 

voltage. These hash instruments strument. Because of its multt-func- 

can be combined to measure or pro- tion capability, the instrument is 

duce il< voltages with accuracies known as a 'DC Standard Differen- 



limited only b\ the linearity <>i the 
voltage dividei arid the accuracy ol 
die referent e voltage. 

In view "I the nevd foi practical 
instruments for calibration work, a 
new instrument that combines an 
accurate voltage reference source, a 
high precision voltage divider and a 
null voltmetet? into one versatile 
unit has been developed mthe-hp- 
Loveland Laboratories- This sdU 
contained instrument functions 
cither a> a precision standard volt- 
age source "i as an instrument foi 
making accurate d< voltage measure- 
ments by the differential technique. 
Both the d< standard aiid differ 
ential voltmeter functions are pro- 
vided with OT * absolute ac euraq 
while repeatability and short-term 
stability arc better than o.nnr; (10 
pptn). The Boating :ui<l guarded 
input and the exceptional)) high in- 
put impedance (>10° ohms mi dum 

* 0,005% accuracy also available. 



rial Voltmeter! 



As a d( standard voltage source 
With t nil Male ranges ol 1. 111. 1 110, 
and 1000 volts, the new instrument 
supplies calibrated voltages from cells, precision potentiometers, oi 
zero in full-scale voltage with 6~place other devices that normal!} arc sen- 



resolution and with an output cur- 
rent capability of 50 milliamperes 
Li 1 1 to 500 volts (output capability is 
25 watts at higher voltages), X con- 
tinuous control limits the maximum 
output current, in the range from 5 
to 50 in A, i<>i the protection ol deli- 
cate components connected to the 
output. 

Asa differentia] voltmeter, the in- 
strument measures voltages with Ii- 
place resolution on ha sit full-scale 
ranges from I millivolt to UK Ml 
volts and with null sensitivity as 
high as 1 /tvolt full scale. The aa u- 
\m\ oi voltage measurements with 
th< new instrument is tittle affected 
l>v the impedance oi the source, as 
is true of conventional differentia] 
voltmeter measurements at null, be- 
cause the instrument has exception- 
all) high input impedance (>10-' 
ohms on <U V and hlghei ranges). 
I nlike conventional differential 
voltmeters, however, the high im- 
pedance is maintained whether <» 
not the insh urnent is set fo? a to tie 
null. This characteristic insures at> 
i urai 5 while simplifying operation, 
especially during measurement oi 
a drift ing voltage* 

In addition, the high Input im- 
pedance enables the precise meas- 
urement <it the voltage ol saturated 
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Ten-hour stability of nea DC Standard/ Differential Voltmeter is shown 
by tht< recording of difference between bank of 9 scrips-connected standard cells 
and precision volt-age (9.17085 colts) suppli ^tr anient operating in D( 

Standard mode. Standard ceils uerc installed in temperature-controlled ail -bath 
ability but DC Standard/ Differential Vottn. </ to room 

temperature fluctuations of about 5 F Record shows typical instrument st 



• 2 • 



)Copr. 1949-1998 Hewlett-Packard Co. 



si live to small current drains. For 
example, the input draws onh 0.2 
X HH coulombs (0.2 jtamp-second) 
when C 1 1 sl connected to a standard 
cell. The input h also guarded and 
floated and iluis has high common- 
mode interference reje 

1 he instrument also Functions as 
a high-impedance dc voltmeter, for 
measuring voltages from to 1,000 
volts dt with an end-scale accuracy 
of zt2' ", . and as a highly-stable dc 
amplifier that has a gain accuracy of 
beiiet than rfcQ.01%, It can func- 
tion additionally .is a floating input- 
floating output precision amplifier 
h\ means ol .i Recorder output that 
has ii ground independent of the 
other ( in uits. 

The high qualit) ol this insti u- 
ment, the -hp- Model 7 m,\ DC 
Standa rd 1) i 1 Eere n t i a I Vol i me i e r , 
makes it well-suited for standard 
j;ihs application. At the same time, 
its stability in a non-uniform en 
nronmeni and its operating ease 
make it useiul in repair and cali- 
bration facilities and on production 
lines oi in an) location where tesi 
ing requires absolute accuraci* 
0.01% =tl jiwlt. 

INSTRUMENT FUNDAMENTALS 

Measurements made b) the dtffei 
ential technique are recognized as 



Nui Meter 



i 



Unknown 
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Fig. 4. Classic differential voltage measurement is made by adjusting 
potentiometer tap to make voltage *„ equal to unknown tallage **, as 
shown by null meter M^ Potentiometer draws no torrent from source 
at null and thus presents infinite input impedance to source, hut only 
a\ null. Measurement of drifting voltage requires continual reudj u fit- 
ment of potentiometer to maintain nulL (Potentiometer is calibrated by 
adjusting R-j to make roltage at reference tap equal to reference colt age. t 



reference voltage and the resistive 
divider] the metei serves only t<> in 
dicate any residual differential be* 
tween the known ant) unknown. 
\s shown in the block diagram 



.hi unknown voltage to ;i known rel 
ereute. These measurements are 
made by adjusting the resistive di- 
vider to divide down the ac< uratel} 
known refer erne voltage, 1 he di 

vider is adjusted to the point where of Fig. 5. the new DC Standard/ 
the divider output equals the un- Differential Voltmeter has the j n in 
known voltage, as shown by the null cipal parts of ihe conventional dit 
voltmeter (Fig. 4). Since the resist- ferential voltmeter, Le. t the subit- 
um e ratio of the divider can be de- voltage reference supply, the decade 
termined precisely, the unknown resistive divider, and the nullindi 
voltage is determined to an accurac) eating metei circuit In a marked 
the most accurate means oi relating limited onh N\ the ae< ura< tesol the departure from conventional differ- 
ential voltmeter design, however, 
in uitrv also iin hides i high 
gain, feedback amplifier as an im- 
pedance converter between the 
measured voltage source and the 
measurement circuits. 1 he amplifiei 
insures thai the high input imped 
une in maintained regardless ol 
whether the instrument is adjusted 
for ^ differential null reading oi 

10 " ,,L 

A further advantage provided by 

the amplifier is that the resistive 

. t -j jl* l s *l n ^ t i rt « /nflt(r t voltage divider or range 'sticky 

to be considerably better than overall accuracy specification of 100 ppm (0Ml%). 

which allows for errors due to linearity, resolution, and temperature coeffttt* \\\\'u h enables voltages as high ns 

over a wide range of environmental conditions (0 C to 50 V\. With reasonable f OUU volts lo he compared to j pre- 

care and proper calibration techniques, confidence levels of w ppm (0.00 1 dnon I -volt reference mav be 

are obtainable under normal laboratory conditions. Temperature coefficient is 

better than 2 ppm/ C. placed a! the output ol the iimpli- 
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INPUT O- 



PREC1SI0N 

AMPLIFIER 



REFERENCE VOLTAGE 

AND DIVIDER 



NULL VOLTMETER 




Voltage Set 



Fig. 5. Simplified diagram of DC Standard / Differential Voltmeter W 

Differential Voltmeter mode. Precision amplifier isolates measured 

source from measuring circuits, providing high input impedance on ail 

ranges regardless of null condition. 



lii-i. rather than being in series with 
i lie measured voltage source. The 
isolation provided b\ the amplifier 
between the input and the k\m.i 
Nile k thus enables Mr* instrument to 
have high input impedance on all 
ranges. 

The amplifier also permits the 
pin Lsiori I -volt sour* c to sei ve as 
the reference for calibrated output 
voltages up if j M ioi i volts, 

INSTRUMENT STABILITY 
AND ACCURACY 

Absolute accuracy in \ "1 iage 
measurements depends print. nib on 
the quality "i external stancjaftls 
used lor [periodic calibration checks 
and on the overall tinearit) of the 
measuring Instrument. Stability is 
must important lor retaining aecu- 
\,n\ hriwceu calibration checks. 



The design of lite new DC Stand- 
ard Differentia] Volnnetet was di- 
rected toward achieving a total 

instrument stability that depends 
primarily on the stability ol the ref- 
erence voltage source and thestabil- 
it) oj precision wire-wound resistors. 
Siiice the amplifier has chopper- 
stabilization aiid large orders of neg- 
ative feedback, amplifier gain is 
determined mainly by the resistors 
in the feedback network: normal 
changes in circuii parameters have 
virtually no eflet t. 

The wire-wound resistors are an 
-hp- design thai a< hieves high long- 
term stability. Manufactured in a 
clean room environment, the resis- 
tors are aged and then assembled in 
sets that have matched temperature 
coefficients For minimum sensitivity 
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Fig, 6. Stability of typical reference voltage source during pre-instafla- 
tion aging is shou n to he much better than 10 ppm per month. Stability 
record such as this ts supplied with instrument in which corresponding 
reference voltage source is installed. Reference voltage source is respon- 
sible for basic accuracy of DC Standard/ Differential Voltmeter betueen 

calibrations. 



to temperature. The overall temper- 
ature coefficient for the instrument 
is better than 0.0002% (2 ppm)/ D !& 

The completed dividers also have 
trimming resistors that allow the 
range resistors and the two must 
significant decades of the resistive 
divider to be adjusted for ratio ac- 
i mac ies of better than 0.00 1 r j . 

The heart of the internal refer- 
ence voltage source is a temperature- 
compensated zener diode which, 
with other critical components. Is 
housed in a proportionally-* ou- 
t ml led oven. Internal oven tempera- 
ture is held constant at 80°C within 
on] C clmi og normal room tem- 
perature excursions. The diode volt- 
age changes only about 5 parts per 
million (0,0005%) during ambient 
temperature excursions from Ci to 

50 °e. 

I he entire reference suppl) is 
p re-aged from !■ to 6 weeks before 
being placed in the instrument. The 
stability <>l the reference voltage is 
recorded during this time and 
printed on a than uhii h is then 
supplied with the instrument. A 
typical record, such as that repro- 
duced in fig. 0, shows a reference 
stability ol better than 10 parts per 
million (,001 %) foi a 1 -week period. 

Jbtal instrument stability is dem- 

nnsriaied in ] ; ig. :\ wh'u h shows the 

in n instrument used as a voltage 
source bucked against a bank of 
nine standard cells. The overall ft- 
bouT stability shown here is better 
than 5 parts per million. Long term 
stability is bettei than 15 parts pei 
million (0JH)15%J per month, 

l Overall instrument a< t ura< \ i> 
specified at 0.01%. This specifica- 
tion encompasses all the errors aris- 
ing from deviations in stability, 
linearity, repeatability, resolution, 
and temperature coefficient over a 
wide varietv of environmental con- 
ditions. With proper calibration 
techniques and reasonable rare, con- 
fidence levels of 0*001% |I0 ppm) 
are obtainable under noimal lab- 
oratory conditions. 
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Fig. 7. Detailed block diagram of DC Standard/ to at portion of chopper amplifier in meter 
Differential Voltmeter in differential voltmeter circuit, and is thus able to hove output ground 
mode. Recorder amplifier is transformer coupled terminal independent of other circuit grounds. 



SELF ALIGNMENT AND CALIBRATION 

A primary objective In the design 
of the new instrument was to pro- 
vide the specified accuracy without 
i he use of ex tensive standards equip- 
ment for periodic recalibration. lb- 



binary coded divider was developed -hp- instruments for sensitive meas- 

For the new instrument. These di- urements 1 \ The high-voltage am 

viders perform ela nit .illy the same pltfier uses pulse-width modulation 

.is die familiar Kelvin-Varies di- to achieve a tOOO-volt output capa 

viderbui use only four precision re- bilh\ with solid-state components 

sistors per decade instead oi eleven. only. Pfae voltage input to the am- 



wards this end, the new instrumem Only II adjustments are needed for pltfier controls the width oi die 



a complete field calibration, 

CIRCUIT DETAILS 

A more detailed block diagram oi 
the new instrument is shown in Fig, 
7. In the main amplifier, o\ 



includes an internal bridging ai 
rangeniem which allows alignment 
ol the resistors in the first and sec- 
ond decades of the divider by ratio- 
matching on a one to-uiie basis and 
alignment ol critical range resistors 

by ratio-matching on a ten to-oue feedback ol [00 cIB is maintained 

basis to compensate foi long-term under most operating conditions to 

aging effects. Since the front panel assure gain accuracy and also fc 

meter serves as a bridge null indi- duce an input impedance greater 

tator, and since the bridge circuits than 1000 megohms. When a volt* 

are set up l>\ an internal switch, the age n> be measured is plated at the 

only external equipment necessan inpul terminals, the amplifier re- 

fora complete calibration is a stand- sponds, recreating this voltage at the 

ard cell, of some other known volt- feedback point, inherently balaiK- 

agesource, and ascrewdriv^, nig the input to achieve the high 

Jo make alignment of the resis- input impedance. 

me decade dividers practical in The chopper-amplifier uses photo- 

terms ol the number ol adjustments, conductors io the modulator and 

as well as in <ost ol components, a demodulator, as is done in other 



internally-generated pulses which 
drive a step-up transformer, a recti- 
fier, and a filter I m nit. Feedback 
controls the gain of both amplifiers 
according to the range selected. 

raps on the range stick provide 
an attentuated voltage <>l Jc>> than 1 
volt lor the measurement circuits 

when die selected input 

Is I voIl During differential 
voltage measurements* the resistive 
divider is adjusted until the divider 
output voltage (e F On the diagram 
of Fig. 7) is as close to the- voltage 
from the k vncj stii k (e ft ) as the step- 



i John M, Cage, *'An tncfeased-Sensttivity Micro Vott- 
Ammeter Usjng a Photo-con ductile Chopper," Hewlett- 
Packard Journal, Vol 9, No. 7, Mar,, 1958 
* Robert J. SLreNott. "A Solid State Operational Ampli- 
frer of Higti Stability," Hewlett Packard Journal. Vol 
14, No. 3-i, Nov, -Dec, 1962, 
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wise divider can allow. The metei 
circuit responds to an) difference 
hi* t ween these two voltages, provid- 
ing 6-place resolution <>l reading (a 
/m<*> st r control in the metei i ii « uil 
enables compensation for thermal 
KMT's in i lie external circuit). 

Ju sei ve ;is a high-impedance volt- 
meter, the nieiei amplifier is con 
nected to sense <lire< th i fir inn j mu 
selec lei I b) the rangf stick, as shown 
in Fig, 7. Tim arrangement retains 
the high impedance input, and 
speeds up precision measurements 
ol unknown voltages by cjuic kK pro 
viding an ac t urate indication ol ihe 



unknown prior to a differential 
voltmeter measurement. 

DC STANDARD 

to converi the instrument l"i use 
as a l)(i Standard Voltage Sonne, 
internal switch 11114 conne< [> T ' H ' [ ,re - 
i ision voltage source and divider 10 
the amplifier input, as shown in Fig, 
8. 1 heoutpui voltage is lU-i.cj mined 
bj the resistive divider setting and 
by the arripliitei gain. Ihe voltage 
at the output sensing terminals, suit- 
ably attenuated by the range stick, 
is iet 11 rued to the feedl>a( k point for 
comparison with the divider output 
to insure accuracy, fhe amplifier 



serves two pnmaiv Functions here* 
(I) to supply amplification in dec ade 
steps, providing precision output 
voltages up to 1000 \olts, and (2) to 
suppl) powei through its low-im- 
pedance output, For the protection 
ol components connected in the out- 
put, an overlo \n lamp iui ns on to 
vi.it 11 the operator whenever the 
output reaches the currenl level ^ 

U 1 ted by the ci kkjm limit control, 

Front panel switches select ihe 
imji hum significant ^l t^it s ol the 
volt ^ge output and .1 vernier <<m 
trol selects the least two significant 
digits, as Indicated by the limn 



RANGES: 0-1 V r 10 V, 100 V, 0-1000 V, 

continuously adjustable on all ranges 
Limited to 500 V when f terminal is 
connected to chassis ground. 

ACCURACY: 

IV range; 01% of indicated setting 

I 0.0002 ":,. of full scale. 
10 V, 100-V, 1 hV ranges: 0.01 , or 
indicated setting i 0.0001% of full 
stale. 
TEMPERATURE COEFFICIENT: < (2 ppm 
-0 0001^, of full scale VC from Q*C 
to 50 "X. 
RESOLUTION: 1 ppm at full scale 
STABILITY: 

001% of setting f 0.0001% of full 

scale per day, 
00 1 5 % of s ett i n g i 0. 000 1 % of full 
scale per month 
OUTPUT CURRENT: 5-50 mA nominal (25 
watts mttX*), Output current limrter con 
tmuously variabfe from 5 to 50 mA 
i nnmmal). 
LINE REGULATION; of setting 

t0,0001% of full scale change for 
-^ 10% line voltage change. 
REMOTE SENSING; Permits output regu 

lation at point of application 
LOAD REGULATION: ■ ! 001 25 ^V 

change, no load to full load. 
NOISE AND HUM; 

DC to 1 c/s« 120 dB below full scale; 

1 c/s to 10 kc/s, 100 dB below full 

scale or I5Q ^V rms: >10 kc/s, I0D 

dB below full scale or 200 juV rms 

whichever is greater. 

OUTPUT: Floating and guarded, Maximum 

of 500 V dc may he connected between 

chassjs ground and guard or circuit 

ground. 

OUTPUT CONNECTOR: 7 pin female quick 

disconnect front panel connector 
OPERATING TEMPERATURE: Q°C to 50* C 
READOUT: Inime digital display tubes plus 
individually calibrated taut band meter 



DC DIFFERENTIAL VOLTMETER 

INPUT VOLTAGE RANGES: 1 mV to 1000 
V full scale, with null sensitivity down 

to 1 iiV. 
ACCURACY: 'CGI r.,f reading j 1 M V. 



* 740 A with 005*o accuracy available on 
special order at additional cost 



SPECIFICATIONS 

-hp- MODEL 740A 
DC STANDARD/DIFFERENTIAL VOLTMETER 

RESOLUTION: 0.0002% at full scale, 0.1 

mV max. 
TEMPERATURE COEFFICIENT: £2 ppm 

- 1 /iV)/ fl C from 0'C to ■ 5G*C 
REPEATABILITY: Better than 001 ,, of 

reading on alt ranges. 
STABILITY: Better than 0,001% of reading 
i 2 u\? per day; 0.0015% of reading 

itS /iV per month. 
LINE REGULATION: ■ : 0,001 . 1 ;aV 

change for 10", line voltage change. 
INPUT IMPEDANCE: > IW ohms above 10 

mV: > 10* ohms 1 mV to 10 tflVj >10 ; 

ohms 1 fiV to 1 mV K independent of null. 
INPUT: Floating and guarded. Maximum of 

500 V dc may be connected between 

chassis ground and guard Or circuit 

ground. 
INPUT CONNECTOR: 3-pm female quick 

disconnect front panel connector, 
AC COMMON MODE REJECTION: > 1 20 

dB at 60 c/s 
SUPERIMPOSED AC NOtSE REJECTION: 

Above 100 c/s: « 005% change for 
100% t&5 volts max super 

imposed on do signal 

Above 50 c/s: -0.005% change for 
' 25 volts max) ac norse super- 
imposed on dc signal, 
READOUT: 4 inline digital display tubes 

plus individually calibrated taut-band 

meter 

DC HIGH IMPEDANCE VOLTMETER 

INPUT VOLTAGE RANGES: 1 ;iV full scale 
to 1000 V full scaJe dc. 

ACCURACY: 2% end scale -0,1 ^V. 

INPUT IMPEDANCE: Same as ...VM 

READOUT: I ndividually calibrated taut- 
band meter 



AMPLIFIER 

VOLTAGE GAIN; 

60 dB on 1 mV range 

40 dB on 10 mV range 

20 dB on 100 mV range. 

Unity above 100 rnV range 
GAIN ACCURACY: 0.01 
OUTPUT: 50 mA nominal (25 watts max) 
GAIN STABILITY: Setter than C 001 

tiV per day referred to input 
BANDWIDTH: DC to 



AC COMMON MODE REJECTION: Same as 

;.vm 
LOAD REGULATION: Same as DC Stand 

ard- 
LINE REGULATION: Same as AVM 
SUPERIMPOSED AC NOISE REJECTION: 

Same as /.VM 
INPUT IMPEDANCE: Same as VM 
NOISE: 

DC to 1 c/s: 

1 fiV referred to input at 60 dB 
gain. 
<0,2 /iV referred to input at 40 dB 

fain. 
fiV referred to input at 20 dB 
gain 
At Unity gain (1 V range and above}, 
same as DC Standard. 
Above I c/s: Same as DC Standard 1 
volt range and above (Constant on 
1 volt ^ange and befowj. 
ISOLATED RECORDER OUTPUT: Recorder 
jutpijt voltage directly proportional to 
meter deflection, 120 dB gam [max.h 
depends on range" 1 •joM nominal with 
1 k onm load- Floating and isolated from 
circuit arid chassis grounds Nofefc vid 
drift s Q 5% ot output 
GENERAL 
POWER SUPPLY: 115 or 230 V ! 10%. 50 

c/s to 1000 c/s. 125 watts max 
DIMENSIONS: 7 high x 16 V wide * 
18^ long .1778 < 425 * 527 mm? 
Rack Mount Kit furnished with inStru 
ment 

WEIGHT: Nel. 47 lbs, shipping, 60 lbs. 

PRICE: $2,350 00 

ACCESSORIES FURNISHED; 

HQ54A INPUT CABLE Four banana 
lacks mounted on terminal box with 
3-ft. cable and mating connector Ter- 
minals include positive and negative 
input, nrcint guard, and chassis 
ground. Switch allows reduction of in- 
put impedance to 2 megohms, Maxi 
mum of 500 /olts may be connected 
between chassis ground and guard or 
circuit ground 
11D55A OUTPUT CABLE. Six banana 
lacks mounted on terminal box with 
3 -ft cable and mating connector Ter- 
-nindis include positive and negative 
output, positive and negative remote 
sense, circuit guard and chassis 
ground Maximum of 500 volts dc 
m ,iv be connected between chassis 
ground and guard or circuit ground 
Prices f.o b factory, 
Data subject to change without notice, 
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panel meter. The RANGE switch sets 
the decimal point in the readout 
and selects the amplification fat tor, 
providing four full-scale ranges 
from I to 1000 volts in decade steps. 
Care has been taken in the <: 
of the switching circuits to insure 
that there is no possibility ol a volt- 
age "run-away" during a range 
i fiance. Plcfise voltages to be used 
for testing or calibrating voltmeters, 
amplifiers, recorders or other devices 
.in « I lj i< kl\ sele« fed 

PRECISION DC AMPLIFIER 
The instrument can be used as a 
di power amplifier, to either the 
aVM or VM modes, bv connecting 
source lo the input connectors 
and taking the output from the con- 
nectors thai normally supplv ihe 
calibrated voltages. It is thus pos 
sible in augment the capability 
a standard <ell t for example, by 



§ 










Fig. 9. Connections to and from new 
instrument arc marie' through connec- 
tor boxes un detachable cables- Input 
ctor box has two guarded and 
floating input connectors and connec- 
tions to guard shield and circuit ground, 
hed 2- megohm resistor provides 
discharge path for input capacitance 
(low leakage of high- impedance input 
retains charge for some time after re- 
moval of source). 

Output connector box has two output 
connectors completely isolated from 
chassis and power grounds, one con- 
rr for guard and one for chassis 
ground, and two sense connectors for 
feedback circui leads may be 

strapped to output connectors, or Con- 
ner fed to output leads at point of del le- 
ery to avoid errors caused by IR drop 
in output leads. Box also has warning 
lamp that turns on whenever cottage 
supplied to output connector is gi 
than 120 volts. 
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¥\%. 8. Block diagram of DC Standard/ Differential Volt meter m D( r 

Standard mode. Setting of resist lie divider determines basu coltage and 

setting of Range switch establishes decade multiplying factor. Separate 

sense terminals enable remote sensing of output coltage. 



using the amplifier as a precisely- 
controlled hn pedant c converter to 
provide power amplification* 

The available gain depends on 
the selected voltage range. The in- 
mi mm in luni rions as a ttmty-gaiu 
amplifier on the I -volt and higher 
ranges hut on lowei ranges, the gain 
increases in 20-dB steps to a maxi- 
mum ol 60 tIB on the I rn\ range, 
(rain accuracy is l iUH' (1 and *ta 
bility is 0*001% per day after 
wann-up. Bandwidth isdc to J tps 
and maximum output current \> 50 
idA (to 500 volts). 

By taking the output I rum a rear- 
panel RECORDER connector, which h 
fed hum the precision meter ampli- 
fier, the instrument supplies a* 
much as 120 dB oJ voltage gain (de- 
pending on range). 60 dB in the 

main amplifiers and 60 ilB in the 

; and r« order amplifiers. 1 he 
recorder output is proportional to 
Hue nun and h Full-scale 
meter deflection, has a l-voh maxi- 
mum output. 
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PHASE COMPARISONS WITH LF STANDARD BROADCASTS 

CONTROLLED BY 'ATOMIC TIME' • 



Itetfi i 



(-5€/iMC etch pass J 




Fig. 1. Idealized reorder truce shows 
accumulation of —100 ft&ec phase 

change f —50 user per pass) in 2 hrs. 
Frequency offset of focal standard fre- 
quency with respect tn WWVB carrier 
therefore is -100 ftsec/2 X 69 X BO 
X 10* fisec zz — NO X 10 m t interpreted 
as +i0 X 10'* offset with respect to 
UT2. 



x\s dim. i ssi ti in these pages re- 
cently, the carrier frequency oi NBS 
Low Frequency Standard Broadcast 
Station WWVH iMi kc s) h;is been 
increased by 150 parts in M) l <" (3.24 
Mil*^ pei hour) to permit the car- 
rier to be maintained without offset 
with respect to the l.S. Frequency 
Standard. 1 Accordingly, the carrier 
is now referenced to the recently- 
adopted International l nil oJ Time 
(Atomic Time), lathei than n* Uni- 
versal rime as it was previously, 

II i he frequency of a local fre- 
quent v standard is adjusted — f— 1 50 
parts in l ni to bring it into agree- 
ment with \ Kim it rime, phase 
( onipai i&ons i'ii calibrating the lo- 
cal standard with respect to WWVB 
can be made in the usual mannei 
witli the ^hp- Model I 17A VU 
Phase Comparator.* 

However, foi those whoprefei to 
maintain then local standard with 
respe< i to UTS, a time stale widelj 
used for navigation and oilier phe- 
nomena based on the earth's rota- 
tion on its own axis, an AT-to-l'l 2 
rranslatoi has been developed for 



" "Mmtt Time Adoptfd fw A I B Hewlett Pjchjrt 
Journal, Vol. IS, Kd 5, Feb 1965. 
2 D**t*' Af Zmttarmr for Relating Iocs' 

Freauencjf to U. S. Standards." Hewlett Pacfcird Joumil. 
Vol: 16* No, 2. Oct., 1964. 



the VLF Phase Comparator, Fhis 
device* is a moiur-driven-synrhro- 
resolver thai continuous!) retards 
the phase oJ the received WWVB 
(airier within the Cdtnparatoi n> 
derive the equivalent <*i a UT2-ref- 
erenced frequency, The Translator 
is supplied with proper gear ratios 
foi the offset in elf e< t at the tinn ol 
installation and additional geai sets 
are available foi othei offsets. 

I he Translator enables phase 
comparisons to be made hrtween 
WWVB and a I I L 1 -i.-i 1 1\ end ■. I 
standard witli the accuracy and con- 
venience provided In recordei 
having < l<>s< to i\ ro frequent y 
offset. Instabilities in the local 
powet line frequency ma\ alleu 
i ompai isnu> made with the transla- 
tor, but typical deviations iri powei 
line frequencies in the IS. cause 
eii<n.s r>i translation < »J onl\ 1.5 > 
If)-". ()v<i long periods, of course, 
power -line frequent \ variations usu- 
al!) avei age out i lose to /no, 

When a II 2-Tf.teu in ed he- 
quenc) standard is compared with 
WWVB In a VI J Phase Compara- 

•-hp- Part No Ml 17 §027. 



TIME PHASE ADJUSTMENT 

Also noted previously, 1 the 1 -sec- 
ond time pulses that have been added 
to WWVB are readjusted periodica I fy 
to maintain them within about 0.1 
second of UT2 time r The readjust 
merits are necessary, of course, be- 
cause UT2 time differs from Atomic 
time by about 0,0013 second/day, a 
rate of change that varies slightly 
because of unpredictable changes in 
the speed of the earth's rotation. 
Accordingly, the WWVB time signals 
were retarded 200 ms at 0000 UT 
April 1, 1965 (7 pm EST of March 
31). 

Time signals broadcast by NBS 
high-frequency stations WWV and 
WWVH were retarded 1 second at 
0000 UT on March I, 1965 (7 pm 
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TIME iMours; + 

Fig. 2, Actual record made hy -hp— 
Model 117 A VLF Phase Comparator of 
locally - g e nera ted 1 1 T2- referenced fre- 
quency against WWVB. Gaps in each 
past are caused by once-an-hour 45 
(2.083 P£ec) phase shifts introduced 
into WWVB tamer jor identification 
purposes. Identifying phase shifts, 
which last ficc minutes, show up as 2- 
fisec displace m ent of 5 -dot tin e seg meni. 



tor that docs not have a Translator, 
the phase record is aci maielv eval- 
uated l>v determining the phase 
i hange accumulated over a definite 
period *ii Time. The offset is readily 
computed as the ratio oi' phase 
change, measured in microseconds, 
to elapsed time (Fig. !)• This 
method, applicable to any offset, is 
valid since i he hat clonal nine error 
is the same -h fractional frequency 
erroi i At T _ Al Fj). 



EST of Feb, 28). These time signals 
continue to be maintained with re- 
spect to UT2 time but because of 
the previously-mentioned changes in 
the earths rotation speed, must be 
readjusted periodically. 

TONE TRANSMISSIONS CHANGED 
A recent questionnaire indicated 
that few users need the sircgte-side- 
band feature of transmissions of the 
400 and 600 c/s audio tones on 
WWV, Therefore, to simplify station 
operation, single sideband transmis- 
sions were discontinued March L 
1965, and the audio tones are now 
broadcast on all earner frequencies 
by double-sideband modulation. 

On June I, 1965. WWVH wili add 
transmissions on a 2,5 Mc/s carrier 
using the same modulation format 
as on other frequencies. 
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